object alone. Importantly, this knowledge was always derived from only one type, something that does not Nashville, Tennessee 37203 occur with common objects. After training (which was accomplished over three sessions, each approximately 45 min long), learning was Summary assessed with a criterion test. Participants were given the triad of features that described an object and made Traditionally, concepts were considered proposia three-alternative forced-choice decision from among tional, amodal, and verbal in nature (for review, see the target object and two distractors from the same set. , presumably due to the superior temporal gyrus, which responds well to perceptual similarity of the objects. Again, a one-way sounds, was preferentially activated by objects assoanalysis of variance showed no significant difference ciated with auditory features (e.g., buzzes). Likewise, between conditions. the posterior superior temporal sulcus, which responds well to motion, was preferentially activated by Imaging Data objects associated with "action" features (e.g., hops).
Figure 1. An Example of Novel Object Sets and Semantic Training Conditions
Four sets of four objects (asymmetric "Greebles") each were used (www.cog.brown.edu/‫ف‬tarr/stimuli). Visual similarity among individual objects was greater within each set than it was between sets. Each set was displayed in a different color to maximize the distinctiveness of each set. In this example, set one was trained with tion, though, is based on the premise that different sen-regions. As a precaution, the STG ROI of one participant was divided into sub-ROIs and analyzed further. Although there were small differences between the activation patterns produced by these sub-ROIs, the general pattern of positive-going activation to all object sets was consistent. Therefore, the positive response to visual stimuli seen in our STG ROI was not an artifact of cluster size or location. Because our a priori hypothesis was that sensoryspecific regions would be preferentially activated by objects associated with features belonging to specific knowledge types, a two-way analysis of variance with ROI (STG/STSp) and training condition (AUD/ACT) was performed for each hemisphere; peak deconvolution coefficient was used as the dependent measure for each condition (Figure 4 ). Despite the fact that five participants produced both ROIs reliably, ROI was treated as a between-groups variable to include the additional four participants that produced only one ROI reliably. This resulted in the analysis of seven independent observations for each ROI. In the right hemisphere, there was a significant interaction between ROI and training condition (F (1,12) ϭ 18.6, p Ͻ 0.001). Scheffé post hoc tests revealed that AUD objects showed stronger activation than ACT objects for the STG (sound) ROI (p Ͻ 0.05), and ACT objects showed stronger activation than AUD objects for the STSp (motion) ROI (p Ͻ 0.01). There was a significant main effect of ROI (F (1,12) ϭ 5.2, p Ͻ 0.05), with the STSp showing stronger activation during the matching task than the STG. Our event-related task involved visual stimuli only, not auditory stimuli. Thus, it may not be surprising that STSp, a region defined using visual stimuli in this study, responded more strongly than STG, which was defined using auditory stimuli.
Our results reveal that objects associated with semantic features from specific knowledge types preferentially activated sensory-specific regions of cortex. These findings suggest that semantic memory may be stored in perceptual basis to conceptual knowledge, verbal learning actually provides a stronger test than does direct sensory experience. sory-specific cortices are always competing. Previously, Although matching objects associated with auditory we have shown that associating conceptual features and action features produced clearly opposite effects with objects can facilitate visual perceptual judgments in STG and STSp, the activation produced by the encyof those objects [7] , suggesting that in the present paraclopedic and nontrained objects did not follow an easily digm different sensory-specific cortices are cooperatinterpretable pattern. In STSp, action objects appeared ing. In that case, it may not be unexpected that auditory to have special status, producing more activation than cortex produced reliable activation to visual stimuli, althe other three conditions. But, in STG, encyclopedic and nontrained objects produced activation equal to beit smaller than that exhibited by truly visual processing differences between conditions in the right but not in the left hemisphere. First, the left hemisphere ROIs both showed lower overall activation with the object stimuli than the right hemisphere ROIs. This difference was most marked in STSp. Of note is that the STSp ROI was found more reliably in the right hemisphere than in the left (Figure 3) . This suggests that, at least for biological motion, the largest difference between training conditions (and thus between feature types) was found in the region that produced the best response to the modalityspecific perceptual stimulus. Thus, the degree of processing of semantic features in sensory-specific brain regions may be linked to the degree of processing of the corresponding perceptual stimulus. An alternative explanation for the lack of differences between conditions in the left hemisphere, however, is that the storage of semantic information in perceptual processing regions is lateralized to the right hemisphere, at least for the two feature types studied here.
Conclusions
Associating novel objects with verbally learned semantic features from different knowledge types produced different patterns of cortical activation during a subsequent perceptual task. An area in the right superior temporal gyrus (STG), which was shown to be involved in the processing of sounds, was preferentially activated by objects associated with auditory features. An area in the right posterior superior temporal sulcus (STSp), which was shown to be involved in the processing of biological motion, was preferentially activated by objects associated with "action" features. Taken together, this dissociation supports the hypothesis that auditory and action knowledge is processed in sensory-specific perceptual processing regions of the brain.
Experimental Procedures Participants
Participants were graduate students, postdoctoral fellows, or research assistants in the Psychology department at Vanderbilt University. All participants reported that they were right-handed, had normal or corrected-to-normal vision, and had no history of neuro- least two possible explanations for why there would be
